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Abstract 

Some versions of the electroweak SU(3)i<8>U(l)x models cannot be treated within perturbation 
theory at energies of few TeV. An extended version for these models is proposed which is per- 
turbative even at TeV scale posing no threatening inconsistency for test at future colliders. The 
extension presented here needs the addition of three octets of vector leptons, which leave three new 
leptonic isotriplets in the SU(2)£<8>U(l)y subgroup. With this representation content the running 
of the electroweak mixing angle, 0w{y)i is such that sin 2 Owif 1 ) decreases with the increase of the 
energy scale \x, when only the light states of the Standard Model group are considered. The neutral 
exotic gauge boson Z' marks then a new symmetry frontier. 
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I. INTRODUCTION 



The known 3-3-1 models proposed nearly twelve years ago are good candidates to describe 
some new phenomena we expect to see in the near future |l[ . They offer a novel phenomenol- 
ogy like, for example, being an appropriate framework to study in details bilepton through 
e~e~ production in linear colliders Q], also within other observational capabilities ^, Q]. 
They provide a natural theoretical explanation to the families replication problem. 

Despite these and other curious features the early model versions present a severe limita- 
tion. The problem is that, like in any Standard Model gauge group extension, they predict 
a bunch of new particles. If from one side we have a base for computing new states pro- 
duction, on the other side we must worry about the consequences of the additional degrees 
of freedom. New particles already arising at the TeV scale affect significantly the coupling 
evolution with energy. In fact, even if these states do not appear directly as on shell states, 
their degrees of freedom effectively contribute to the dynamics according to the renormaliza- 
tion group equations. This problem is particularly dramatic in the model versions we shall 
discuss here. Such versions belong to the class of 3-3-1 models where the third component 
in the lepton triplet is a positive charged particle There the SU(3)i®U(l)x gauge 

coupling constants, denoted by ai and ax respectively, are linked by the following relation 
involving the electroweak mixing angle $w 

«xOf) _ sin 2 8w(ja) . . 

a L (fj) ~ 1 -4sin 2 6 w (n)' 

This relation is valid above the energy scale \i > ^331 where all symmetries become evident 
inside this theoretical framework. Evidently, the symmetry breakdown SU(3)l®U(1)x — > 
SU(2)x,®U(l)y has to be postulated to have occurred when a scalar field x condensates with 
(x) — /i33i- But Eq. ((TJ) requires sin 2 9w < 1/4, which is in accordance with direct measure- 
ment. Eq. when confronted with the current value sm 2 9w(Mz) = 0.23113(15) [6] gives 
rise to a trouble in these models. The point is that their SU(2)x,®U(l)y effective theory 
has almost the same Standard Model minimal particle content, apart from few additional 
scalar multiplets. Therefore, the renormalization group equation solutions in this case show 
us that sin 2 9w increases with energy. It means that Eq. (JTJ points to a nonperturbative 
regime at energy values which we shall be just interested. The equation defines the initial 
value ax (^331) and since it comes from an abelian group it also increases with energy, being 



2 



close to one for energies around few TeV in the minimal models. Consequently it is a serious 
problem for the perturbative approach and it could make the models less appealing. 

For example, running sin 2 9 W with only the minimal Standard Model representation con- 
tent we see that it reaches the value 0.25 at the energy scale \i ~ 4 TeV [jj. A study of 
perturbative limits in 3-3-1 models was carried out in |8j]. There it was shown that pertur- 
bation theory cannot be used already above scales of few TeV if we consider the minimal 
versions with or without supersymmetry. 

There are some 3-3-1 constructions which do not have the problem above !9|. But the 
ones considered here account for doubly charged bileptons intermediating processes where 
partial lepton number is violated, representing a very distinct signal to search for 

a a. 

Other aspects and recent work on these models can be found in Ref. lo| . 

In this work it is proposed an additional matter content to the early 3-3-1 models where 
perturbative treatment can be applied without such tight restrictions. We see that the 
simplest representations to be added to the minimal versions are four octets, three of vectorial 
leptons plus and a scalar one. With them there is a prediction of a decreasing behavior 
for sin 2 W in a certain range of energy. The new exotic leptons are interesting also from 
the phenomenological point of view under the Standard Model gauge group in the see-saw 



mechanism 



111 ], and also under the extended group we consider here 



121. 



The work is organized as follows. In Sec. |H]we study the renormalization group equations 
to understand how the nonperturbative limit appears in the minimal models. We then 
define a condition which should be satisfied in the model extensions, in order to make them 
perturbatively safe. We, then, justify the choice of the new representations content to be 
introduced. In Sec. HHI we show how the perturbative limit is raised in two 3-3-1 models. In 
Sec. HVjit is suggested a possible decoupling off all the scalars for energies below ^331. We 
finish in Sec. Mwith the discussion of our results. 



II. THE RUNNING OF THE ELECTROWEAK MIXING ANGLE 

At the SU(2) L Cg>U(l)y energy scale the renormalization group equations dictating the 
running of the gauge couplings at one loop level are given by 

1 1 1 , , (Mz\ 

k In , n < /1331; (2) 



ai(ji) Qt»(Mz) 2tt \ pL 
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with i = 1, 2 and a 2 , «i are the coupling constants of the SU(2)l, U(l)y groups, respectively. 
The third equation involving the QCD coupling constant is irrelevant for our purposes here 
at this approximation level, and so it will not enter in our developments. As we have said 
above, for posterior use in the context of the 3-3-1 models we denote the gauge coupling 
constants «i,ax for the groups SU(3)i, U(l)x, respectively. In a generic gauge group the 
bi coefficients are given by 

b * = I E T ^ + t ^ - y c *(®i (3) 

fermions scalars 

for Weyl fermions and complex scalars, with the generators T a satisfying Tr[T a (J)T b (/)] = 
T^(I)5 ab where I = F,S. For SU(N) Tr(I) = 1/2 in the fundamental representation and 
G 2 (G) = N. C2{G) = for i7(l). These numbers can be computed for other different 
representations with aid of the identity T R (I)(N 2 — 1) = C 2 r(I)cIr(I), where C 2 r(I) is the 
quadratic Casimir operator and dn(I) is the representation dimension. For U(l) y we use 

Trx(F, S) = J2y 2 where y = Y/2 for the Standard Model and y = X for the 3-3-1 models. 

Below /i 3 3i the sin 2 6 W running is then, according to the Standard Model gauge group, 

sin 2 B w (ji) = fi < //33i- (4) 

We see that for a SU(2) content presenting asymptotic freedom, i. e. a 2 — > as /x — > 00, 
sin 2 6 W increases with the energy. Above the scale /X331 we run the renormalization group 
equations with particles in the full SU(3)£®U(1)at representations. In the minimal models 
when we consider /i 331 < 2 TeV, then perturbative expansion in ax makes sense only at 
energy values lower than 2.4 TeV [8]. It jeopardizes the perturbative analysis of the neutral 
exotic vector boson Z' which is one of the model predictions, since its mass is naively 
expected to have a lower limit near this perturbative upper bound. 

We observe that for a SU(2) content not presenting asymptotic freedom, i. e. with a; 2 (/i) 
growing when /1 — > /Z331, then sin 2 9\y(n) decreases in the same energy interval improving the 
perturbative validity in such models. From Eqs. (j2j) and (jlj) it is deduced that the condition 
for accomplishing this is that 

b 2 >tsm 2 e w (M z )b 1 . (5) 

Inserting the tan 2 8w value at the Z pole, the condition between the coefficients turns out 
to be b 2 > 0.36i. So, if we want to satisfy it some additional fields in nontrivial SU(2) 
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representations must be considered. In order to give a bigger contribution to 62 than to b% 
their hypercharge must be small. 

To be more explicit we take the 3-3-1 model with only three scalar triplets as our first 



representative of the class 



^]. The electric charge operator Q is, 

Q = ^(a 3 -v / 3A 8 )+X (6) 



The representation content in the quark sector is (the numbers inside parenthesis mean their 
transformation properties under SU(3)c, SU(3)l and U(l)x respectively, or under SU(3)c, 
SU(2)l and U(l)y when this is the case) Q m L = (d m , u m , i m )\ ~ (3, 3*,— 1/3), m = 1,2; 
Q3L = (u 3 , d 3 , J)\ ~ (3,3,2/3); and the respective right-handed components in singlets 
u m ~ (3, 1, 2/3), d pR ~ (3, 1, -1/3), = 1, 2, 3; J R ~ (3, 1, 5/3) and j mR ~ (3, 1, -4/3). 

In the scalar sector the three triplets are x — (x~ > X > X°) T ~ (1)3,-1), p = 
(p+, p°, p++) T ~ (1, 3, 1) and r, = {rf, 7^, vtf ~ (1, 3, 0). 

Finally, in this model, leptons come in triplets like 

* aL = (v a , l a , E a )%~ (1,3,0), 



where a = e,/i, r. With their right-handed components in singlets Z a # ~ (1, 1, —1), _E a K 
(1,1, +1). We have omitted right-handed neutrinos since, like any neutral singlet repre- 
sentation, they are not relevant for our purposes here. The effective SU(2)i®U(l)y theory 
coming from this model, when the condensation (x°) = w/y/2 occurs, have the same light 
multiplets which dominate the spectrum of the Standard Model plus an extra scalar isodou- 
blet 77 = (77 , %) T ~ (1, 2, —1). The value w/y/2 is going to be identified with /X331. 

Next we consider the renormalization group coefficients in Eq. Q at the SU(2)^®U(l)y 
level with three usual matter generations, taking into account at most the two nontrivial 
lowest dimensional SU(2) representations, i. e., isodoublets and isotriplets. We reserve the 
prefix iso just for when we talk about SU(2)i,®U(l)y representations. Let N$ be the number 
of scalar isodoublets, Np the number of new exotic fermionic isodoublets, N?s the number 
of scalar isotriplets and Ntf the number of new exotic fermionic isotriplets, with Y being 
their respective hypercharge, then from Eq. Q 

1 / V 2 \ 1 / V 2 



h = - \Y£N F + -±N S + 20J + - \Y£ f N T f + -j±N TS j , (7) 
b 2 = ^ NV> + + 4:Ntf + 2N TS - 10^ . (8) 



When dealing with fermions in vectorial representations Np and Ntf must be multiplied 
by 2. In the model above we have only two Yg — 1 scalar isodoublets to be considered, 
i. e. N s = 2, in the Eqs. J7J) and JSJ) so that (61,62) = (7,-3). And it is not possible 
to satisfy the condition in (j3J). In fact the sin 2 Ow running shows that the value 0.25 is 
reached at 4.1 TeV as we see in Fig. (JTJ (where for future reference it is also shown the same 
running for the model with a scalar sextet). The scale /z 33 i is then below this value and 
so the energy A at which the pole is attained is such that A < 4.1 TeV. The Landau-like 
pole behavior with /i 331 has been studied in Ref. j8(. For example, if /i 33 i = 1 TeV we have 
that at energies E ~ 1.9 TeV, a x > 1 and M , ~ 1.9 TeV so that the model looses its 
perturbative character below the exotic neutral vector boson Z' mass. In part this is due 
to the fact that the right handed components of the exotic quarks, J and j m , necessary to 
complete the SU(3)l representations have a value of the U(l)x charge larger than the other 
particles. Thus, they are the major contribution to the a x running. Under the assumption 
that they are much above the Z' scale, the perturbative limit is pushed a little above. But 
this brings these quarks out of experimental reach. We would like to pursue the possibility 
of keeping them observable at TeV scale. To make the exotic quarks very heavy means 
that the VEV (%°) is very high and since this is also responsible for giving mass to all new 
fermions in the SU(3)l triplets and the new gauge bosons, it would bring almost all the 
predictions of the model out of experimental reach. Of course, this is not interesting from 
the phenomenological point of view. 




FIG. 1: Running of the electroweak mixing angle for the minimal models considering only light 
degrees of freedom under the Standard Model subgroup. Model A with three scalar triplets, and 
model B, the same as A with a scalar sextet added. 
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We see from Eqs. (JJJ) and (JBJ) that multiplets having large hypercharge take us in the 
opposite direction of satisfying (jSJ). Isodoublets of vectorial leptons or/and scalars with zero 
hypercharge could then be considered. But the number of them needed would be, at least, 
eight of vectorial leptons or thirty two of scalars with components having electric charge 1/2 
and -1/2. 

The simplest solution is to have exotic isotriplets. Preferentially fermionics. From Eqs. 
(J7J) and (jHJ) one can also see that the minimal number of isotriplets are three, all of vectorial 
leptons with Y = 0. They are written as 

f =(t-°i»)' 

transforming as (1,3,0) under the Standard Model group. They must be color singlets, 
otherwise QCD asymptotic freedom would be lost. This isotriplet couples with the usual 
matter. It has interesting consequences in the see-saw mechanism and it does not represent 
cosmological troubles if they belong to the electroweak scale, as it was studied along with 



other phenomenological aspects in 11 1. To be consistent with the Z° decay width, their 
components must be heavier than M^o/2. 

Now the lowest dimensional SU(3), with U(1)tv charge zero, representations which contain 
an isotriplet decomposes under the Standard Model SU(2)®U(l)y group as 

6 = 3 2 © 2i © 1 4 , 

8 = 3 © 2_ 3 © 2 3 © 1 Q . 

The subscripts refer to their hypercharge value Y. The sextet gives rise to a Y 2 = 4 isotriplet 
which could also do the job but it has a Y 2 = 16 isosinglet. It could be assumed to be heavy 
not affecting the spectra below /U 331 . But we want to avoid such an assumption. It would be 
needed also three sextets of fermions if the Y 2 = 16 singlet components were heavy, plus a 
scalar one to generate masses. The octet on the other hand has the advantage of having an 
isosinglet and an isotriplet both neutrals in hypercharge which, therefore, do not contribute 
to b\. But it has also two isodoublets with Y 2 = 9. They can be made heavy if a scalar 
octet is present and it condensates at the ^331, as we are going to discuss below. We shall 
then consider here the exotic vectorial leptons in three fermionic octets since they are the 
simplest solution. With them we also do not need to concern with anomalies. They have 
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the form 



/ J_y-0 I 1 \0 

V2 a ^ VE Aa 



\ 



t: 



J_f° 4- J-X° A" 

~V2 a ^ Vq a 



\ 



v6 Aa y 



(10) 



Sa Sa 

transforming as (1, 8, 0), where a = 1, 2, 3. 

When it is introduced a representation like this, with all spinor components of the matter 
fields belonging to the same multiplet, differently from the usual chiral constructions, gauge 
invariance does allow for initial mass terms for the fields in these representations. Therefore, 
there would be a bare mass term like M ab TrE a E b in the Lagrangian in its symmetric fase. 

To satisfy the condition in Eq. J5J) the Y 2 = 9 lepton isodoublets 5 = (S~,5 ) T and 
£ = (£ ++ ,£ + ) T in Eq. (jTUj) must then be decoupled from energies below fi 331 . This can be 
achieved with an octet representation of scalars similar to the fermions above. Calling this 
representation E its form is 

\ 



1 W 



+ 77S<P 



V 



V2 r 1 Ve^ 



(11) 



transforming as (1,8,0). To see how the decoupling can be worked out let us analyze the 
mass spectra for these new fields. 

The Yukawa interactions in the lepton sector are 



C Y = H ab e ijk (^ iaL ) c ^ jbL r] k + ^ aL {G l J bR p + G2E bRX ) 
+ G~ b V aL E bV + -Tr[E~ a {A ab E b Z + B ab ZE b + M ab E b )} 
+ H.c, 



(12) 



where repeated indices mean summation. H ab is an antisymmetric matrix with G l ab , Gf fe , G^ b 
general complex matrices and A ab , B ab , M ab real symmetric matrices which will be assumed 
diagonal for simplicity. 

Then Y 2 = 9 isodoublets in E a decouple when (£) = -^(ip )diag(l, 1, — 2), when the 
following relations are satisfied 



(A 



ab 



B ab )^- + M ab 

— m SM1 
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771 sm ~ 3v4 a 5 



A*33l5 



V6 



m SM ~ 3B ab 



<V?°> 



(13) 



V6 



A*331- 



Where ?n SM is a mass scale belonging to the Standard Model mass spectrum. The first 



last two relations in |T3j) ensure that the masses of the components of the isodoublets 5 
and £ are heavy enough, since (E) breaks the electroweak SU(3)l symmetry down to the 
SU(2)i group (<f°) ~ /Lt33i and the isodoublets are, in this way, decoupled of the Standard 
Model particle mass spectrum. The isosinglets A° in the octet S a have then masses of 
order m A o ~ M aa — m SM which is the same order of yU 33 i according to the Eqs. (fT3|). The 
simple analysis presented here is not complete but it is sufficient for the purposes of showing 

— » 

that the higher hypercharge fields can be heavy. Thus, only the vector lepton isotriplets T a 
together with the known fields contribute to the renormalization group equations at energies 

E < H331- 

In the last stage of symmetry breakdown when the Standard Model group reduces to the 
electromagnetic abelian gauge group, U(l) em , we see from the term G^ b ^/ a LE b r] in Eq. (fH2|) 
that there will be a mixing between the know and the exotic leptons. It could be avoided 
by imposing some sort of discrete symmetry. Their phenomenological consequences will be 
carried out elsewhere. 

Finally, we should say that condensation of cjP in E is very constrained by the p parameter 
relating the W and Z masses. 

We are ready now to show how the perturbative limit is improved with these representa- 
tions. 

III. THE PERTURBATIVE LIMIT 

We now turn out to look how the perturbative limit is characterized by the scale fi^si 
breaking the SU(3) l®U(i)x symmetry. The relevant running equation is that of the coupling 
constant ax coming from the abelian factor U(l)x- This running is 



relation above leaves the isotriplets T a in S a with appropriate masses below /U331. The 




(14) 
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bx is computed considering the fields in the full 3-3-1 representation. Eq. (|14|) starts with 

the value ax (a*33i) which can be determined using Eqs. (JTJ) and (jU and the fact that 
"2(^331) = a L (/i33i). That is, 

1 1 (15) 

«x(/U33l) ai(/i 3 3l) "2(^331) 

Perturbative expansion does not make sense any more when a scale \i = M' such that 
ax(M') = 1 is reached. We have then 



ft. 



. A*331 



e w (M z ))-i 



(16) 



a(M z ) = 1/128 is the fine structure constant at the Z pole, with = 91.2 GeV. We can 
now see how the perturbative limit is changed with fi 331 . 

The additional representations to be considered are then the three leptonic SU(3)l octets 
S , (a = 1, 2, 3), like (fTUj) which leave three leptonic isotriplets like (0) at energies E < /x 33 i, 
i. e. Ntf = 3 in Eqs. (j][J) and (jHJ). The scalars in S can be assumed to contribute with 
a Y 2 = isotriplet and two Y 2 = 9 isodoublets. Thus from Eqs. (|IJ) and (JBJ) we have 
(61, 6 2 ) = (10, 6), which obviously satisfies the condition In Fig. (j2J) the sin 2 9w running 
in this model is shown(again for future reference it is also shown the curves in the model 
with a scalar sextet). 




FIG. 2: Running of the electroweak mixing angle for the extended models for energies E< /x 331 . 
Model A, rriA, with only three scalar triplets, and model B, tub, with a scalar sextet, (s) means 
that the Y 2 = 9 scalars are disregarded. The models ijia^s) and mg have degenerate curves. 

From Eq. © we also have bx = 26. For example, if /i 331 = 1 TeV then M' = 16.8 
TeV; if /z 331 = 3 TeV then M' = 70.6 TeV. Disregarding the Y 2 = 9 scalar isodoublets 
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(b u b 2 ) = (7, 17/3) and if /i 331 = 1 TeV then M' = 20.2 TeV; if /i 331 = 3 TeV then M' = 92.3 
TeV. The perturbative limit is still improved in this case because b± is lowered. We see 
then that the model is made perturbatively much more viable with the addition of octet 
represent at ions . 



A. The model with a scalar sextet 



Another representation content in the leptonic sector is possible in accordance with the 
electric charge operator Eq. (jUJ). The positron and his cousins occupying the third compo- 
nent of the leptonic triplets which are represented by Q], 



aL 



y a , l a ,l c a f L ~ (1,3,0) 



with a = e, /i, r. A scalar sextet 



S 



\ 











Hr 








Hi 



J 



transforming as (1,6,0) is necessary in the minimal representation content to generate all 
the lepton masses when (a®) ^ 0. (cr°) ^ could give a Majorana mass to the neutrinos. 
The Yukawa interactions in the lepton sector are now 



H ab ei jk (^i aL ) c ^jbLVk + G* b V aL S(S>i bL y 



+ G~ b ^ aL E b r] + F ab e ijk -V iaL (S*E 



bjjk 



+ -Tr^(A ab E b 'E + -B a6 EH 6 + M ab E b )] 
+ H.c. 



(17) 



And the same decoupling of the Y 2 = 9 lepton doublets can be worked out as before. Mixing 
between the know and exotic leptons happens through G^^aL^bV and F ab eijk^ iaL^E^) j k 
in this case. As before, it could be avoided by imposing some sort of discrete symmetry. 

This model has the following additional multiplets under the SU(3)c®SU(2)i®U(l)y 
symmetry besides those in the three triplets model: one isodoublet (hi, a®) ~ (1,2, +1), 
a nonhermitian isotriplet (H 1 ,h{,a\) ~ (1,3,-2), and an isosinglet ~ (1,1, +2). 

Then, at energies below /i 331 three scalar isodoublets with Y 2 = 1 and two scalar isodoublets 
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with Y 2 = 9 are taken into account but now we have one more scalar isotriplet plus that 
coming from the scalar octet. The other scalar fields including the isosinglet are taken 
into account only at energies above /i 331 . In this case the inclusion of the isosinglet does 
not affect so significantly the running below /i 331 . Therefore, Ng = 3 with Y 2 = 1, Ng = 2 
with Y 2 = 9, N TS = 1 with Y 2 = 4, N TS = 1 with Y 2 = and N TF = 3 with Y 2 = 0. 
So that from Eqs. (J7|) and (jSJ) we have (&i,&2) = (67/6,41/6). Obviously, this satisfies the 
condition (jSJ). From Eq. (j3J) we also have bx = 22 since there is no right-handed charged 
leptons to be counted. For example, if ^ 331 = 1 TeV then M' = 32.4 TeV; if /x 331 = 3 TeV 
then M' = 155.0 TeV. Disregarding the Y 2 = 9 scalar isodoublets coming from the octet 
E, {b Xl b 2 ) = (49/6, 13/2), so if // 331 = 1 TeV then M' = 40.3 TeV; if p 331 = 3 TeV then 
M' = 213.0 TeV. Again, perturbative limit is still improved in this case since bi is lowered. 

IV. POSSIBLE DECOUPLING OF ALL SCALARS AT ENERGIES E < /i 331 

In the preceding discussions it was considered that some scalar multiplets remain light 
enough, i. e., with masses much below the /i 331 scale, so that they could participate in the 
counting for the coefficients in Eqs. (j7J) and (jHJ). It only happens if there is a sort of fine 
tuning among the scalar self-interaction couplings. The reason for this comes from the fact 
that the scalar octet has interactions with all the scalar multiplets. The scalar potential for 
the three triplets model plus the octet is then 

V = Vr + mzrfYiri + rriip^p + m 5 x Y>X 
+ Tr[S 2 (AxS 2 + mi E - m 2 )] + A 2 (Tr[S 2 ]) 2 

+ Tr[S 2 ] (XsV^V + Vp + Kx j x) ■ (18) 

Where Vr stands for the collection of all terms involving only rj, p and \. Note that we 
cannot impose invariance under E — > — E, since it would also forbid the interaction between 
E and the S a 's preventing the mechanism of decoupling the lepton isodoublets 5 and £ of the 
Standard Model scale. The last term in this potential gives a quadratic mass term of order 
(<p ) 2 for the triplets unless A3, A4 and A5 are fine tuned. Thus, it can happen that no single 
scalar be part of the spectrum below p.331. In fact, the only massive scalar state which could 
be free of mass contributions coming from (E) would belong to the neutral scalar imaginary 
part, the pseudoscalar. But in the minimal model, i. e., without regarding the octets, there 
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is just one massive pseudoscalar and it might be heavy, since its mass is of order (x°). Of 
course, careful mass spectral analysis should be done but the arguments we just have given 
indicate that it really should happen. Because of the reason that the major contributions 
to the renormalization group equations are due to the fermions, it is not expected that the 
perturbative limit will change significantly when the scalars are omitted below fj, 331 . But to 
produce any fundamental scalar would require energies E > /X331. 

V. DISCUSSION 

We have shown that the addition of octet representations can turn 3-3-1 models pertur- 
batively viable at the upcoming TeV energy scale. The main effect is that they predict a 
running to the electroweak angle, or better sin 2 9\y, such that it decreases with the increasing 
of the energy until the scale /Z331 which characterizes the appearance of a SU(3)l<8)U(1)x 
electroweak symmetry. It could be tested providing a direct test of exclusion for the ex- 
tended models we have presented here. With the electroweak angle evolving in this way 
the U(l)x coupling constant, ax, starts to run with a value which is lower than the one 
appearing in the minimal models. From this point sin 2 9w begins to increase with energy 
but it will reach values near 0.25 at energies bigger than tens of TeV. 

The same behavior could be accomplished with other representations different from 
octets. But these representations would be in general bigger than the ones we have consid- 
ered here, and they would need more complicated mechanisms to decouple isomultiplets with 
large hypercharge. If instead we consider exotic leptons in sextets it is necessary to assume 
that the isosinglets with Y 2 = 4 belonging to them are decoupled at energies E < /i 331 . 
Thus octets are simpler and more convenient. 

Although the additional representations turn the SU(3)l gauge coupling, a^i, looses its 
asymptotic freedom, it becomes bigger than one at energies much higher than M'. Thus, it 
does not represent a problem. 

Symmetry breakdown at the scale /z 33 i is marked with the appearance of four new charged 
vector bosons, two of them carrying two units of electric charge, and the exotic neutral one 
Z'. Different from the exotic charged vector bosons, this neutral one does not receive 
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contribution to its mass due to the scalar octet and it is bounded according to 

1 - sin 2 %0 331 ; 



Qt 2 (/i 3 



_> 



^331- (19) 



1 — 4 sin 2 0w(^ 331 

This is valid for both models here. It is assumed that \/2(Xo) ~ /-t 33 i, which is quite 
reasonable since as (E), (x) also breaks the symmetry down to the Standard Model group. 
M , grows then linearly with /a 331 so that its production will mark, according to these models, 
the scale at which SU(3)v^ should be taken into account. Thus, the Z' boson would have a 
mass which could be tens of TeV or even much less, if other phenomenological constraints 
allow for it. 

Finally, we should say that supersymmetry does not relieve the perturbative limit in the 
minimal model versions It brings more degrees of freedom with the supersymmetric 
partners and so it worsens the problem. But for the extended models presented here it is 
expected that it makes the value of M 1 in Eq. (fl"6*|) increase. 
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